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Objectives

* |nspire you to develop/enhance your . LoV ne
science communication sKills

» Provide some overarching science
communication principles

 [llustrate an effective science
communication program with an
environmental assessment case study

* /ntroduce you to conceptual diagram
resources
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Paradigm shifts occur when scientific discovery
is effectively communicated to society

1500 1550  1550- 1600 1600-1650  1650-1700  1700-1750

Astronomy Physics Astronomy Physics

c750-1800 1800-1850 1850-1900  1900-1950 1950-2000

Geology Evolution Physics Biology

Chemistry
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HATION AL

' %=| National Park Service has a
” unigue teaching oppor’rum’ry

e Receptive audience (pre-selected) ga*=g yh

»  Superb natural setting (illustrate key . :
messages)

« Motivational experiences possible (transform
uninterested to interested to informed to
empowered)

« Credibility (National Park Service is NOT an
NGO chasing $, NOT an agency with
regulatory or development mandates, NOT
corporation chasing ‘green’ credit
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Good science communication can
make you a better scuen’rls’r

Completeness
Envisioning the ‘story’ can lead to
comprehensive research program

Context
Identifying the linkages and developing
comparisons can provide important insights

Visualizations &--'ﬁl §
Combining visual elements can lead to new [+ &s |
Insights r} Eg
Synthesis = *T'f"-h'y._
Combining and comparing different data [
sets or approaches can lead to insights
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\ effective science communication

-

a o IR :
ng National Park Service has a need for

 Public/environment interface
(broad audience)

* Diverse parks with diverse
ISsues

» Public expectations of
Information & ‘entertainment’

 |conic and unusual natural
features that require
explanation
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There are differences between
science writing & scuence communication

» Getting it right » (Getting it done

* Providing scientific * Providing societal
context (references) context (examples)

» Text > graphics * TJext = graphics

 Peer audience  Broader audience

* Mostly black and white * Full color

« Authorship exclusive e Authorship inclusive

* Focus on results * Focus on conclusions
and interpretation and recommendations

":E ISABEL
EL RISE IS
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The ‘'zen' of
sclence communication

5
» Enthusiasm counts: get excited g

* Give yourself adequate quality time

» Feedback & revision essential: seek it out
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The art of science communication

» Conceptual diagrams: context and synthesis D
» Maps: geographic context and information-rich

* Photos: describe methods, study site
description, processes and relevance

» \ideo clips: capture system dynamics

» Tables and figures: scientific data -_ﬁj - r
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] HATION AL
FaRAK
CE

%! National Park Service can access
- abundant visual elements

E ]

* High quality photos

» Maps & various GIS products

available
* Text can be augmented with
guotes (historical, poetic, etc.)

» Data generally available

» Conceptual diagrams have been
initiated for National Capital Region
Parks
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rj National Park Service - consider
L..J creating/enhancing digital
libraries

* Image library
» Map library

» Quote library
» Symbol library

o |ibraries could be on a distributed network
with web access; searchable data base
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Principles of science communication

1. Provide synthesis, visualization & context
2. Relate to audience — big picture to local relevance

3. Simplify terms but not content
(don't dumb it down, do raise the bar)

. Assemble self-contained visual elements
. Consistent style and format
. Lose the jargon, dude

. Minimize AU (Acronym Use)

il

3}

6

/. Define all terms, e.g. SE = Standard Error

8

9. Engage audience: prepare for and invite questions
1

0. Use col use it judiciously
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Synthesis, visualization & context are
key elements of science communication

Synthesis Visualization Context

g walwvheg

Mo L oy
.............
....
------
i -

nnnnnnnnnn

Provide analyzed, Show them: who, Provide
Interpreted what, where, answers for:
& synthesized when, how & So “Why should |
data that you can; tell care?” & “So

them why what?”
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Good science communication requires attention
to both the science and the presentation

Most modern
philosophers
and orators

“‘What you've got here,
really, are two realities, one
of immediate artistic
appearance and one of
underlying scientific
explanation, and they don't
match and they don't fit and
they don't really have much

Renaissance
thinkers

Communication quality High

‘-'5'& of anything to do with one
2, another. That's quite a
‘.;:‘.';* situation. You

=) might say there's |

- a little problem |
% Mus! mr:mdern here.”
= Scientists Robert Pirsig,

Low Science quality alvly 1974
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Principles of Analytical
Design; E. Tufte

 “Don’t get it original, get it right”

* Integrate word, image, numbers

* Include documentation (data sources)

« Content-driven; presentation enables thinking
* Put important comparisons adjacent in space

» Use small multiples (maximize content variation;
minimize style variation)

e Audiences are precious (know your content;
respect your audience)

« Use humor, memorable hyperbole

» Preparation: Practice, practice, practice; develop
better content
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Good science communication is no JOKE
JOKE = Jargon-filled, Obtuse language that Keeps audience Entirely ignorant

Science communication that relies extensively on JOKEs is a
self-indulgent representation of simple ideas, obfuscated
with technospeak to make the scientist appear astute, yet
serves to be obtuse and belittles the audience.

_.__* Monitoring &

S i Mnnm:rmg

_ E COSYS l:,mh:_ tlrl‘llIa

Design layout approach; content-ric, communication-based
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Topical humor can be effective

“Cultivation grazing” by
Seagrasses reinvaded’ the dugongs structures
sea from terrestrial ancestors. Walt Boynton's caricature seagrass communities

Magic
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= &
Nutrient Inputs to
Chesapeake Bay
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Effective communication is two-way
How do you elicit two-way communication?

» Provide feedback opportunities: complete the presentation within
allotted time (or even shorter); have evaluation sections on science
communication products

« Solicit: At the end of your talk offer to answer questions; ask for
evaluation of science communication products

How do you prepare for guestions?

« Anticipate: think about what questions you would ask; use practice
sessions to solicit and answer questions; develop FAQ (Frequently
Asked Questions) section

* Prepare: have extra material which can be used in the event of
guestions

« Don’t be afraid: it is legitimate to say a) “| don’t know”; b) what you do
know that is relevant to the question
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Moreton Bay, East

Monitoring program case

study
coast Australia
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What is “ecosystem health"?

— Key processes operate to maintain stable & sustainable ecosystems
— Zones of human impacts do not expand
— Critical habitats remain intact

HealThy ecosys’rem
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Ecosystem health indicators: Moreton Bay

Riverine Estuarine Marine

Sewage Fluvial Oceanic

impacted
Catchment _ hpa Soil disturbance

Ecosystem Health Indicators Key Features

Turbidity due to resuspension of fine grained sediments W Light limitation ¥ (Cceanic flushing
Seagrass loss resulting from high turbidity from resuspension - i _
and catchment inputs W Nutrient limitation Hurmic rich runoff

¥ Sewage nitrogen plumes (ascertained using del15N) \* Dugong, turtles and ‘ | Photosynthetically

B Water column nutrient concentrations (total phosphorus used as # S8agrass HEtD ackion
representative value; highly correlated with nutrients) f} Light attenuation
Riparian vegetation >

2 Ph ytoplankton concentration masured as chlorophyll a concentration

Lyngbya, a toxic cyanobacteria, grows on seageasses B Fine grained sediments

B Coarse grained sediments
integration - application - network




Ecosystem
Management: - h eZl’rh =) Reference

indicator value

l—-—-—l
e —

objective

o C(Clear water Secchi< 1.7 m

* Maintain seagrass Eﬁ Seagrass area Eﬂ Historical

habitat : distribution
 Reduce sewage Sewage plume VA‘ 6'°N < 4 ppt.
Inputs mapping

« Reduce nutrients

@ Total phosphorus @ <1.6 uM

 Reduce Chlorophyll a @ <1.0 pg/L
phytoplankton

+ Reduce harmful (W Extent of Lyngbya W‘ Historical
algal bloem bloom kiﬁ‘ distribution
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Some ecosystem health mdnca’ror's
monitored monthly

Total phosphorus Chlorophyll a Secchi depth
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Seagrass and Lyngbya blooms mapped using
remote sensing and field observations

# No Lyngbya

o 1 -10% cover
& 11 - 50% cover
@51 - 100% cover

Extent of Lyngbya bloom Landsat TM Seagrass

distribution
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Maps of Maps of
ecosystem | » reference
health indicators values

&

§
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Area-weighted averaging generates maps of
ecosystem health index

-2 Standard +2 Standard

Deviations Deviations
Fo T : PSS, ‘,

<l
Eco Health 2000-2001 #
I Poor

Fair =
Good °
Excellent

<X
Eco Health 2000-2001 #
I Poor

Fair  =a
Good *
Excellent

Eco Health 2000-2001 #
I Poor

Fair =

Good °

Excellent

o o

integration 4R application AR otyork



Reporting
water depth
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Moreton
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Ecosystem health values converted into
report card values (A - F)

extensive seagrass and mangroves remnant seagrass bods

ecological processes intact elevated nutrients and phytoplankton |

overall low nutrients o sewage nitrogen in food web

B?

evidence of metal pollution no scosystem health monhtoring

riparian habital loss/stream modification | exiansive seagrass and mangroves |

generally good water quality A« black water runoff

* low sediment and nutrient impact on Deception Bay
high level of nutrient processing by abundant
phytoplankten

» persistent algal blooms in upper reaches

+ seagrass loss from river mouth

reduced sewage Inputs

= large turbidity, nutrient and phytoplankton flood plume
some blological processing of nutrients

* high phyleplankion biomass
stormwater inputs from increased urbanisation

masshve increase in turbidity during flood
highest sediment and nutrient loads in region
low phytoplankton biomass
highly impacted riparian vegetation
limited biclogical processing of nutrients
large sewage and stormwater inputs
highty urbanised catchment

healthy tribsuta e

+ extremely high nutrients and turbidity
unknown source of nitrogen
high phytoplankion blomass
heterotrophic
highly degraded riparlan vegetation

MNeod flow caused large plume of nutrients, sediments
and phyoplankion into southern bay
high nutrient inputs from aquaculture and sewage
treatment plants
limited biologieal processing of nutrients
sewage plume into bay

recovery al river mouth

SOME LeIGIASE

no mangroves

impacted riparian habitat

strong seasonal impacts

localised sewage impacts

consistently slevated phytoplankton
hed river mouth

integration

Brisbano

B river

summaer Lyngbya blooms cover important
seagrass meadows and impact mangroves

* nuisance macroaigae (Caulerpa taxifolia) present
* minimal impact from flood

+ slevated turbidity, nutrients and phytoplankion

impacted by flood runoff
O SOMJIALE recovary
seagrass loss from Caboolture River mouth

fMocd causes nutrient plume
flood causes phytoplankton bloom
ts from Cabbage Tree Creek
8 recovery
major sewage treatment plant upgrades not yet
wvident
- Y s

Lyngbya blooms covering Important seagrasses
high dugong mortality
turties have tumours and not fertile
nuisance algae (Caulerpa taxifolia) present
minimal impact from flood

 excellent water quality

* excellent water quality

extonsive seagrass supporting dugongs

+ corals at Peel island and Myora

nuisance algae (Caulerpa taxifolia) present

+ tumours on turties
+ slightly elevated phytoplankton from flood

elevated phytoplankton, turbidity and nutrients

from flood
generally good water quality
seagrass and corals present

some Lyngbya present

minimal impact from flood

stabls seagrass beds

some sewage inputs from Tingalpa Creek
dugongsturtiesio present

relatively chear w

east gradient In water quality
Iy poor water quality
awsge pluma from Legan Rivar
mmonium plume from flood
highly variable water quality
some seagrass loss

application
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Well informed community taking
appropriate measures

Redcliffe gives Moreton Bay
$16 nulllon health boost

Water Treatment
Plant Leads

Australia with
New Technology

new water treatment
plan at C a.bcmltute is

&= = Brisbane
Blg steps Rlverr bay

a healthler Bay =l iy e

A 32 BILLION rescue plan to
sAave the Brizshanae Rivar awmAd

application network
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Ecosystem health improvements
evident

River turbidity decreased

L & B

(ET R TA e

Hwer gets best report card in 30 jrearé

Reduced sewage plumes

Murrumba Downs Wastewater Treatment Plant - Total Nitrogen
Discharge

Total Nitrogen
Concentration (mg/L)

Reduced sewage nutrients
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Effective communication
central to success

Continual release of communication products

— Keeps stakeholders and community aware of
developments

— Increases knowledge of community & stakeholders
— Keep profile of program raised
— Instigates action (report card) b

Website Monthly data report Newsletters Report Card
integration ‘ application j network




Conceptual diagrams

(Goal: Scientists able to create and edit conceptual diagrams,
improving their science communication skills

Rationale:

« Conceptual diagrams have proven useful for science integration and
application

» Technological advances have made it possible to ‘click & drag’ using

symbol libraries (you don’t need to be an artist)

“ ‘Make everything as simple as possible, but not
simpler.” A. Einstein
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What is a conceptual diagram?

* “Concept” from Latin conceptus (meaning thought); something
conceived in the mind (Webster's 3@ Dictionary, 1986)

» “Diagram” from Greek diagramma (meaning to mark out by
lines); a graphic design that explains rather than represents, a
drawing that shows arrangement and relations (Webster’s 3™
Dictionary, 1986)

* “Model” from Latin modulus (meaning small measure); an
abstract representation of a system or process (Turner,
Gardner & O’Neill, 2001)

« Conceptual diagram = A diagram
using symbols that depicts the
essential attributes of a system

I integraton ZB application R etvork




Conceptual diagrams provide an interface

Science Conceptual Community
Diagram

Current N . :
: N e = environmental
understanding Sl | B
. = values
Credibility & Shared| vision Commitment &
support ) resources

ealthy
Chesapeake

Waterways
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Good conceptual diagrams are used
extensively

Z, scheme of photosynthesis

=

I/
atom ﬁgﬁ

......

Photo=yastom [

TRAREPCAM pRFTRgEwT {OWiEROTNT CONTREENISL &FT FONE
o i I 5 (MG FULTE BOUMDAET)

WRELS

LTS EsAE

uuuuuu

Plate tectonics
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Darwin used conceptual
diagrams to explain his theory
of coral reef formation
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Conceptual diagrams use symbols:
an ancient tfechnique to depict
une

Bl

T RNy T
- r!:ll iy 5 .

| | I.I II.I. ..IL.

|| ..Il.l I s I

aborigines)
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Symbols (icons) are a key element of
conceptual diagrams

» Symbol: from Greek symbolon (token of identity) and Latin symbolum (token,
sign)
* [con: from Greek eikon (to resemble) = pictorial representation

* Symbol: A sign that signifies by virtue of sharing a property with what it
represents

—a. something that stands for or suggests something else M
—b. a visible thing that stands for something invisible or intangible .
« Symbols used in mathematics (e.g., 7), chemistry (e.g., 2!°Pb), music
(e.g., B=2) weather (e.g., ), religion (e.g.,B€3), corporations
(e.g.,/& ), and organizations (e.g., H)
» Symbols can be universal; language independent “
. Symbols are scalable; size of symbol can represent relative 1mp0rtance--

'VS -

. Symbols can be information-rich; size, shape, color
and position of symbols can convey information
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Symbols are an important
feature of everyday life

Shape, color and images used for traffic signs

network




In conceptual diagrams, as in maps,
symbols need to be explained in a legend

SURFACE FEATURES

Levee

Map legend:

Sand or mud area, dunes, or shifting sand

Intricate surface area
Gravel beach or glacial moraine

Tailings pond

Conceptual diagram legend:

im q A i lyngbya
eucalypus & melaleuca A evapolranspiration e hormogonia * groundwaler humics uptake
: & outwelling L=
‘ — _ . ‘water ”,
A reduced table flushing HO.OH_ . humic/ iron stained
/T{J evapolranspiration ST {_)F&" complexation - water

5%2___: pine forest mangrove

/ .8 table HOL__OH hiumie / iron
‘@' lyngbya Juy . lyngbya filaments reduced ¢ pet®  complex |:| clear water
on seagrass e in sediments ‘ seq hame ‘ light L

> t rising water l' full sunlight

pine forest

clearing dissocation
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Developing a global symbol language

4

ol ¢ V
w.
\ B g

~6000 people from 149

countries (

integration -

) registered
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Conceptual diagrams can be
incorporated info various products

AT

Journal
publications

AT . 11&15 .-_'-t_—
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Conclusion:

replaced "motorcycle maintenance” with "science communication”

"l':li TREF Y FS
i DF T IIE TP ¥ IMTONT.
I | [ 3

“Not everyone understands what a completely
rational process this Is, this science communication.
They think it's some kind of a "knack” or some kind
of “affinity for machines” in operation. They are
right, but the knack is almost purely a process of

reason... Science functions entirely in accordance

with the laws of reason, and a study of the art of lmw

science communication is really a miniature study of mnmuﬁiiﬂ(,

NEW SORE TIMES RESTEELLING AUTHOR OF LILA

the art of rationality itself.”
Robert Pirsig, 1974
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L"j Recommendations

» Capitalize on National Park Service
unigue teaching opportunities

» Develop and enhance science
communication sKills

 Create or enhance collection of visual
elements (digital libraries)

* | Ink scilence communication to
environmental assessments at parks
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Science communication resources Y

] n,E.I;‘l.-l'u'UFx'k
WWW.iah.umces.edu
B et Do
Powerpoints Newsletter
On line tutorial
Handbook
|
Demonstration Hands on

y ¢ Video
integration - application - network
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